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SUMIvIARY 



A program of tests on engine induction system de-icing "by 
means of de-icing fluids and "by heated air has "been cOx^ducted in 
a special lalDoratory at the National Bureau of Standards. The 
induction system tested consisted of a simulated air scoop, a 
Holley 1375-"-^"' carburetor, a carburetor adapter, and a Wright 
E-1220, G-200 superchare'er rear section. The de-icing fluid in- 
jection devices used included the standard Holley alcohol vent 
ring (Holley part No, 2383), a modified Holley vent ring (Holley 
pert No. 3O89) , a set of four standard Army nozzles (part Nos. 
ANU023 and Mlk02h) , and a set of modified Army nozzles which were 
similar to the standard nozzles except for larger exit orifices. 
The de-icing fluids tested were Sclo>: D-I , isoprcpyl alcohol, 
anhydrous ethyl alcohol, S.D.3C, and Shelle^col. In most of the 
tests refrigeration icing v;as produced "by maintaining the car- 
bureter-air temperature at Uc^ while sprf^ying free v/ater into 
the air stream at a rate of 250 grams per minute. 

It was found in the fluid de-icing tests made v/ith the 
original Holley alcohol vent ring that it wrs necessary to in- 
ject de-icing fluid intc the carburetor at a rate of at least 
60 pounds per hour in order to /^ttain r^-pid recovery of air flow 
rnd fuel-air ratio. This Holley ring, becruse of its poor fluid 
distribution, was found to be an unsatisfactory de-icing fluid 
injection device at lower fluid-flow rates, Hov/ever, at fluid- 
flow rates of 60 pounds per hour and above, ra.pid recovery was 
obtained. 

In sonc of the icsts di stributioi-?. of do-icing fluid over the 
surfaces of the cp.r'b'o.rQtor was poor, and ice formed again after 
recovery of initial air flow in spito of continued injection of 
the de-icing fluid* This phonononon, reforrod to as re- icing, 
occurred in the do-icing tests made with the original Holley ring 
at fluid- flow ra.tes below 50 pounds por hour. In a scries of 
ice-prevention tests using Solox Dl-I, a runinu.".! fl.ur' flow ra.te 
of 50 pounds per hour vras required to provont ice from forming 
in the carburetor and adapter. 
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l^he modified K0IIG7 ring, the orifices of which are fewer 
in nur^her and smaller in diameter than those of the originr.l 
type, and also the Army alcohol nozzles, were found to have much 
better distribution char?.cteristics at low flow rates than the 
original Holley ring and, as a result, appv^rently eliminated the 
occurrence of re-icing. 

The time necessary to restore operable fuel-air ratio 
(0,f^b5) from the extremely lean ratios accompanying refrigeration 
icing was usually 1-| to 2-| times that necessary to restore cruis- 
ing air flow v/hen either of the Holley vent rings was used as a 
xluid injection device with Solox D-I. 

When used with isor>ropyl alcohol, the standard Army nozzles 
v;ere superior in de-icing effectiveness to other fluid combina- 
tions at de-icing fluid flow rates of 30 to Uo pounds per hour, 
initial air flow being restored more rapidly rnd operable fuel- 
air ratio being restored in periods no lonjt^er than those attained 
with the other fluid systems. At higher rates of injection the 
Army nozzles were about equal to other systems. 

Results of several of the tepts indicated thrt, to make k 
the most effective use of a de-icing fluid, it should be injected 
into the induction system ,just upstream of and as close as 
possible to the ice formation to be removed. ?or rcm.oval of ice 
from the adrpter it was found thot the de-icing fluid spray should 
cover evenly and completely all exposed surfaces of the carburetor^ 
The results indicated that to comply with these requirements 
supplementary fluid injection systems should be provided for de- 
icing of other parts of an induction system where ice might be 
expected to accumulate. 

Manipulation of the throttle during the first few seconds 
of fluid de-icing was found to hasten recovery to initial air 
flow rate but did not appear to have a noticeable effect on re- 
covery of operable fuel-air ratio. 

It was found th-^.t the amount of fluid necessary to remove 
ice from the induction system was a function of the rate of air 
flow to be recovered and some inverse function of carbureter air 
temperature. The amount of fluid required was substantially 
independent of the rate of fluid injection at flow rates ranging 
from 30 to 80 pounds per hour for any given method of injection, 
although re-icing occured at seme of the lower flow rates. 
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Results of several tests made to investigate the removal 
of impact ice formed at a carlDuretor-air temperature of 25^^ ^ 
indicated th^-^t saturated carburetor air at a temperature of 85 ^ 
was slightly superior to Solox D-I fluid sprayed into the air 
stream through the modified Holl ey vent ring at SO pounds per 
hour. The data also indicated that isopropyl alcohol injected 
.just ahead of the carburetor through the strndard Army nozzles 
at a flow rate of U2 pounds per hour was almost as effective a 
de-icing rg^nt as cither of the other two systems. IVhen the 
original Holley vent ring was used with Solox D-I, it was not 
possihle to attain adequate removal of impact ice at de-icing 
fluid-flow rates of either 60 or 80 pounds per hour. 

Isopropyl a.lcohol proved superior to Solox D-I in displa^y- 
ing less tendency tov/ard re-icing a.nd greater effectiveness in 
the prevention of ice formations. It appeared from the results 
of this program that desirrhle characteristics of an effective 
de-icing fluid should include low vapor pressure, low latent heat 
of vaporization, a,nd a la.rge fusion temperature depression. 

All of th3 de-icing fluids except Solox D-I had a slight 

• corrosive effect on aluminum alloy, Ihe S.D,3C fluid, which con- 
tained no inhibitor, also exhibited a corrosive effect on br^ss 
and copper. 

It was not possible to draw quantitative conclusions from 
the results of the heat de-icing tests because of unforeseen 
difficulties experienced in controlling the temperature and 
humidity of the intake air, and because the laboratory apparatus 
failed to simulate adequfxtely an aircraft installation. The 
data indicated, however, that a reasonable amount of heat added 
to the carburetor air stream can be as effective in the restoration 
of air flow and operable fuel-air ratio as any of the fluid de- 
icing combinations that were tested. Heated air in the pres^^nce 
of free water v/as effective as a de-icing agent when sufficient 
heat was supplied to vaporize the water and raise the temiperature 
of the moist air above limits of icing (20^ ? for this induction 
system.) . 

IFTRODUCTION 

The object of the tests described in this report was to 
investigate the effectiveness of fluid and heat de-icing equipment 
currently used with engine induction systems and also to determine 

# optimum values for de-icing fluid flow rates and heat input to 



attain rapid recovery of engine power after an appreciable per-- 
centage of power has "been lost as a result of ice formation, A 
range of engine-operating conditions and various simulated veather 
conditions were covered in order that the results of this work 
would find "broad application. 

These tests represent a portion of a research program on 
induction-system icing conducted at the National Bureau of 
Standards under MCA sponsorship. An investigation of the icing 
characteristics of tho engine induction system used in the present 
;,'.ro^ram ha.s heen made. The results of this work r?re described 
in reference 1. This research project is "being financed jointly 
"by the Army, the Navy, and the National Advisory Committee for 
Aeronautics. Support also has been received frcm the Civil 
Ae r c nau tics Adm i ni s t r rit ion. 
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The engine induction system^used for the tests described 
in this report consisted of. a 90" pipe bend simulating an air 
scoop, Holley 1375-F carburetor, a carburetor adapter, and a 
V/right It-lg20, Gr-200 supercharger rear section. The tests were 
conducted in an altitude laboratory at the National Bureau of 
Standards. The various parts of this laboratory induction system 
test installation and also the method cf operating this apparatus 
to produce ice formations in the induction system are described 
in detail in rexeronc-J 1. The fuel used in the tests was a white 
unleaded gasoline of 73 octane rating with distillation charaoter- 
istics similar to those cf currently used aviation fuels. The 
induction system test apparatus and details '^f the induction 
system pertinent tc the present tests are shewn in figures 1 to 3» 

For the present program this apparatus is unchanged except 
icr the provision of Army alcohol-injection nozzles, de-icing 
i'luid pressure tank, and a slight rearrangement of the apparatus 
necessary for introducing hea.ted air into the indvicticn system. 

Several alcohol-injection devices were tested in the program, 
including a standard Hclley \ent ring (part Nc,A23g3), modified 
Hrlley ring (part No, A30g9) , a set -^f four standard Army nozzles 
CANU023 and ANU02U) , and a set cf f^'Ur slightly modified Army 
nozzles. The str^ndard Holley ring is an aluminum-alloy casting 
which has the same inner dimensi-^ns as the interior walls of the 
carburrt-^r and is installed just above the throttle body. 
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Do-lcln^T fluid enters this hollow rectangular ring through one 
passage and is injected into the air stream through IS orifices 
of 0.031-inch diameter, four orifices "being located on each side 
of the ring. The modified Holley vent ring is similar in general 
dimensions to the standard type, but has eight orifices 0.016 inch 
in dj.ameter, which are di^illed into the ring so that the fluid is 
ejected from them at an upward angle of 40^^ four of the orifices 
heing located on each of two opposite sides of the ring. The 
alcohol spray is directed, across tlie carburetor normal to the 
axis of the tlirottles. 

The set of for^r Army nozzles, which have orifices of 0.<^^:o- 
inch diameter, was instal.l.ed in the walls of the air- intake duct 
2 inches above the carburetor, with two of the nozzles located 
on each of two opposite sides. The modified Army nozzles, which 
were used in several ox the tests, are similar to the standard 
nozzles except that they have 0.0225- inch-diameter oi^ifices. The 
nozzle location 2 inches above the carburetor, which was used 
throughout most of the tests on the Army nozzles, represents a 
typical service installation. During one series of tests a set 
of standard Ai'my nozzles "v/as mounted in the elbow of the air 
scoop, as shown in fig'-ires 1 to 3, in order to determine the 
relative efficiency of the nozzles for another service instal- 
lation. 

For forcing the do-icin£ fluid into the carbijiretor through 
the Holley ring, a st/andajfd electrically driven de-icing fluid 
pump was employed, rate of ~'1q\7 being controlled by a rheostat 
and a bypass valve. In the tests made with the Army nozzles, 
it was necessary to force do- icing fluid into the induction 
system under higher pressure than that required with the Eclloy 
ring. For this purpose a sealed tank containing the de-ic.'ng 
fluid was employed. The de-icing fluid was supplied under a 
pressure which could be varied between 5 and IOC pc^onds per square 
inch by means of air pressure supplied tlirough an adjustable pres- 
sure regulator valve. Rate of flow through the standard Army 
nozzles was controlled by fluid pressure. 

The de-icing fluids tested included Sol ox D-I, isopropyl 
alcohol, anhydrous ethyl alcohol, S.D.50, and Shellacol. Solox 
D-I consists of a mixturo of 90 percent ethyl and 10 percent 
methyl alcohol to which is addud a corrosion inhibitor and one 
gallon of gasoline per 100 gallons of mixti^e. The isopropyl 
alcohol ised is a liquid of 98 percent commercial pi^rity. S.D.30 
is a mixturo of 90 porcjnt ethyl and 10 percent methyl alcohol 



which ccntains no corrocion inhibitor or further denaturing 
material, ^he physical ;propGrties of S,D^30 are similar to 
those of Solox D-I. The specific gravity of each of the above 
xluivis is C.TS9 at a temperature of 20^ C. Shellacol consir>ts 
of ethyl alcohol denatured with methyl alcohol, ethyl acetate, 
methyl isohutyl, ketone, and aviation gasoline. The specific 
^'•ravity of this ^iroduct is C,8C to 0.S2 at a temperature of 
if 

Rate of flow of de^-icin/^ fluid into the induction S2'stem 
was measured "by a rotameter. Because of the different flow 
characteristics of the fluids tested it was found necessary to 
calibrate the rotameter for each fluid in order to insure accurate 
^measurements. 

"^QV the heat de-icing tests, the intrke 3ir was heated by 
passing it through six tanks of steam coils, as shown in figure 
i. Rate of flow of her^ted air v/es controlled by a thermo- 
statically operated butterfly valve which bled heated air from 
the alternate air source into the main air duct to be m.ixed with 
the cold air. With this equipment it was found possible to raise 
the temperature of the air to 15^'^^ at an air-flovr rate of 5000 
pounds per hour if no free water were present. The temperature 
of the intake air v;as measured by a pressure-bulb thermometer 
installed in the intcike duct near the mouth of the air scoop, 
frvA to this therm.ometer was connected a thermostat v/hich, in turn, 
regulated the operation of the butterfly hot-air valve. A special 
window, shown in figure 1, was built into the air-scoop elbow 
in order to permit observation of the formation of ice and its 
rem^oval^ 

A twelve-point recording potentiom.eter with a range of 0^ 
to hOO^ F was em.ployed to measure the temperature of the intake 
air, the air temperature at the steam heating coils, pjid the 
engine-compartm.ent temperature during the heat de-icing tests. 
Sight elements of this instrument were connected to the carburetor 
air temperature thermocouple, and in this way the air temperature 
was mxeasurrd every h seconds. 

The carburetor used in this research program v/as not 
equipped with a mea.ns oi ccmpletc crmpensc' ticn for changes in 
the fuel-air mixture due to changes in altitude or in air temper- 
ature. The latter factor was cr^nsidered important in connection 
with this program in view of the heat de-icing tests that are in- 
cluded. Several tests were made therefore to determine the change 
in initial fuel-air ratio resulting from increases in carburetor 
sir temperature. This calibration curve is sh:>v.^n in figure 
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TEST PROCEDURE 



In most of the de-icing tests the carburetor-air tempera- 
ture was set at ko^ 5", and the ice which formed in the induction 
system was the refrigeration or fuel-evaporation ty:oe. A 
typical ice formation of this type is shov.Ti in figure 5. Sev- 
eral tests vrere also made at 2^^ ? carhuretor-air temperature 
to investigrte removal of impact ice by means of de-icing fluid 
and "by application of heat. An impact ice formation is seen 
in figure 6. The effect of ice forming in the system on the air- 
flow rate and the mixture ratio under these two conditions he- 
fore the de-icing process was started is shovrn in figure 7« 
The Plolley vent ring was chosen as the standard for comparing 
the effectiveness of the various de-icing fluid injection de- 
vices^ 

The method of forming refrigeration ice in the induction 
system was in all cases similar to that employed during the 
program of icing tests made on this induction system described 
in reference 1, The initial rate of air flov; in most of the 
tests was set at kOOO pounds per hour, the mixture ratio at 
O.CyO, and the carburetor-air temperature of kc^ After these 
conditions had been established in each tept, free water was 
introduced into the air stream at a rate of 250 grams per minute* 
l/ftien sufficient ice had formed as a result of these conditions 
tc reduce the air flow rate to 2C00 pounds per hcur, which is 
50 percent of the initial rate, the de-icing process, employing 
either a d<.>- icing fluid or heated cir, was started. In most 
of these tests the fuel-air ratio fell below the minimium. operable 
value, v^hich v/as considered to be O.C65. The test was then con- 
tinued *;.ntil all ice was observed to be removed from the induction 
system, until the air flow had stabilized, or until definite 
evidence of re-icing was displayed. 

Re-icing can be described as the formia^tion of ice in the 
carburetor after initia,! recovery of air flow, the ice forming 
in spito of the c^-ntinued injection of de-icing fluid. Re-icing 
v;as K.rjViif ested by a drop in air flow and by enrictoent of the 
Tii xture. 

Visual observations of all important variables, including 
rate of air flow, fuel flow, and air temperature, were made at 
interva.ls cf 6 seconds during the first 2 minutes of the de- 
icing period in ca.ch test. The interval between measurem^^nts 
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was then lengthen- d to 12 seconds for the next minute and, after 
this critical portion of the de--icing process, the data were 
recorded at longer interval s» 

During most of the tests the water spray was continued 
throughout the de-icing period. This procedure represents the 
situation in which flight through icing conditions is continued 
while alcohol or heated air is being applied to remove the ice 
formation. Tests were also made in which the v/ater spray was 
turned off at the bej^^inning of the de-icin-: period in order to 
simulate the conditions of de-icing v/ithout further rain ingestion 
into the induction system. 

The free water ingestion rate of 250 ^;rams per minute was 
held constant during the test and is equivalent to rain density 
of 10 grains per cubic meter within the air scoop at cruising 
^ower at sea-level pressure and Uc^ F carburetor-air temperature. 
£ate of water ingestion into an induction system in flight is 
primarily a function of airplano speed, dimensions of the air 
scoop, and outside radn density, Tl-.e latter may be only a fraction 
of the rain density within the air scoop, ov/ing to the ram^ming 
effect. The total amount of water ir jested also may be affected 
by the application of carburetor heat, since heat increases the 
capacity of air to carry water as vapor. -Details of the operat- 
ing conditions and also of the results obtained during each test 
are contained in table I. 



DISCUSSION 0? T'3STS A!ID RESULTS 



The results of the de-icing tests described in this report 
^ve presented in table I and in the accompanying charts. As 
©hown in the table, the test program was divided for conveniece 
into various series of tests, A to IT, according to the various 
specified conditions. The alcohol de-icing tests are included 
in series A to L. The other two series are the heat dc-icing 
tests. 

Although it is believed that the results of this investiga- 
tion will be of general value, it is necessary to point out that 
the data contained in the report should be applied with seme 
caution, especially in ccnnecticn with the operation of induction 
systems other than the type tested in this program. Both icing 
and de-icing -,re influenced tc a certain extent by the design 
and flcv/ characteristics of different engine induction systems. 



9 



Ice forma-ticns are also not always identical in np.ture for 
similar icing conditions in the sane inductir^n system. This can 
"be seen by comparing the results given in the report of tests 
made atsubstantially identical conditions. Another factor to 
he considered in applying the results of this investigation is 
that the icing which occurred in these tests was much more severe 
than would he normally expected in f li:;ht at the temperatures 
investigated. An experienced pilot wmld he expected to become 
aware of the ice formation and to take protective measures 
"before the engine pov/or is reduced hy 50 percent, the level 
reached in the laboratory tests* Because of this latter factor, 
the results contained in this report are believed to be some- 
vfhat c ^ ns e r va t i ve , 

Ho tests were made to investigate the effect of icing on 
mixture distribution to the individual engine cylinders; how- 
ever, experience h?s shown that obstructions in the air passage 
causing flow diversions affect distribution. 

In most of the fluid de-icing tests Solox D-I , injected 
into the carburetor through the original-ty^pe Hclley alcohol 
vent ring, was employed. This combination was therefore chosen 
as a standard for comparing the effectiveness of other fluid 
injection devices and fluids* 

Fluid De-Icing Tests 

Recovery of emergency power - Holley ring ,- It was the 
object of the first group of tests (Series A) to determine the 
time required to attain the air-flow rate corresponding to 
trmergency engine power (7OOO Ib/hr) by the injection of de- 
icing fluid at various rates of flov^ through a Kolley vent ring 
after sufficient ice had formed in the induction system to re- 
duce the air flow to 2000 pounds per hour. The initial rate 
of air flow v/as set at UOGO pounds per hour, as in almost all 
of the tests of the progrr?m. At the beginning of the de-icing 
period in each test of this series the throttle was opened wide. 
The mixture setting was left unchanged when the throttle was . 
opened, although in flight the mixture ratio would have been 
increased by 0,015* 

The results of the tests of series A are shown in figures 
g and 9. It was found that 90 percent (6300 Ib/hr) of the air- 
flow rate necessary for emergency power could be restored in 
1-|- minutes with de-icing fluid sprayed into the carburetor at a 
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rate of 6o porads per hour erA in 1 minute for a de-icing 
fluid rate of 90 pounds per hour. The time required to re-, 
cover a fuel-air ratio of 0*080 v'as a"bout equivalent to 
that for recovery of 90 percent air-flow rate* 

Recovery of cruising povrer Holley ring > - The tests 
of series B were made to determine the time necessary to 
recover cruising rate of air flow (UOOO Ih/hr), hy the 
injection of Solox I>-I and isopropyl alcohol through the 
Holley vent ring after 50 percent of the initial air-flo\r 
D.te had been lost "because of the formation of ice. In 
this group of tests the usual proc^")(lure of continuing the 
water spray during the de-icing as v/ell as the icing period 
of the tests was followed. The throttle vras held fixed at 
the initial cruising settin'; throvighout the tests* 

The results of these tests are shovm in figiirf.s 10 to 
12* It was found that with Solox lUI 90 percent of the 
initial cru.ising air flow rate v;as restored in a period 
of 33 seconds at a de-icing fluid flow rate of 6o pounds 
per hour and in 15 seconds at a de-icing fluid flow rate 
of 30 pounds per hour^ The tine required to recover mini- 
mum operahle fuel-air ratio (0*065) vtp.s almost t^.>dce tha,t 
required for 90 percent recovery of initial air flov: in 
these testso The rates 01 air-flow recovery attained v/ith 
the injection of isopropyl alcohol at rates of Uo pounds 
per hour and above were equivalent to those attained v;ith 
Solox D-l at eo^jLal flow rates. Isopropyl alcohol v/as in- 
ferior to Solo:: lui, however, in recovery of operahle 
fuel-air ratio at all fluid-^flov; rate?^. 

It was found in the tests of series B that re-icing 
occurred during the injection of de-icing fluid at flow 
rates up to 30 pounds per hour. In the case of Solox D-I 
the re-icing v.^s sufficiently severe to reduce the air- 
flow rate to 3300 pounds per hour and to enrich the mix- 
ture ratio to O.Cg^'- at a de-icing fluid flow rate of Uo 
pounds per hour. This re-icing occurred after the cruis- 
ing air-flow rate, UOOO poimds per hour, had "been restored. 
As 5ho\m in figure 10, only a very slight amo-ont of re- 
icing occurred in the isopropyl tests of this series at 
fluid- flow rates ahove 20 pounds per hour. 

The enrichment of the mixture during ro-icing v/as 
caused "by the formation of ice on the throttles and in the 
venturi throat. This resulted from the throttling action 
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of the ice in the venturi which reduced the air flov' hut 
maintained high air velocities and therefore low pressures 
in the vicinity of the fuel nozzles. Since the fuel-flow 
rate was controlled by the difference bctv/een a metered 
fael pressure and the venturi suction, the fuel- flow rate 
v;as therefore maintained or increased hy re-icing. 

It v/as determined hy visual ooservations made through 
the v;indow in the air-:?5Coop olhov/ that the re-icing phenom- 
enon was caused to a large e-:tent hy the nonuniform spray 
of do-icin^' fluid made "by the Kolley vent ring» Very 
little de-icing fluid was ohservcc. to flov/ through the 
orifices located at the corner of the Holley ring farthest 
from the do-icing fluid intrice lino to the vent ring, 
ocpecially at low rates of de-icing fluid flow* Below 
tills stcarvc-'-. corner of the Eolley ring ice formed in the 
carburetor Venturis and in some cases above the thj:ottlcs» 
These ice formations v/ere accelerated by the reduction of 
cj?j: bur c tor-air temperature caused by the evaporation of 
do-icing fluid* 

The superiority of isopropyl alcohol in v.reventing the 
occurrence of re-icing v/as attributed to the differences 
between the physical proportics of isopropyl and Solo:c I>-I. 
Isopropyl alcohol h.as a lower vapor rjrepsure and, as a 
result, a sm.?>ller percentage of t>d.s fluid evaporates during 
the de-icing process than occurs vdth Solox D-I. Because 
its latent heat of vaporization ia also less than that of 
the ethyl or meti\yl alcohol, the saine amount of isopropyl 
in evaporating lias a lesser refrigerating effect. 

Ee-Icing vrlthout Water Inr2;estion - Holley Ring 

luring the next group of tests (series C) , in contrast 
to most of the tests of this progr-^jiii the v/ater sproy v^as 
turned off at the start of the do-icing period in order to 
represent the situation of changing over to an alternate air 
intake by me^ans of which v/ater ingestion could be cli linated 
during the de-icing, Othermse the test conditions of this 
series v/erc similar to those of the preceding series. Solo:: 
B-I was used as the de-icing fluid* 

In the tests involving de-icing fluid flow rates above 
kO pounds per hour, the difference in time for rocover^r of 
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air-flow r.^te nnd fuel-air ratio "bctwon the dry and the wot 
air conditions \ms ncgli^d'ole* It v/as also noted that there 
VTas no tendency tov;ard ro-icini^ in these tests* This v/ould 
"be e:qpected since the ca,use of the icing was suhstantially 
eliminated vfhen the wa.ter was turned ofi# The results of 
these tests are shown in figures I3 and lU. 

Because with an alternate air-intaJce system a moderate 
increase in carhuretor-air temperature can he expected, two 
tests were included in tliis series in which the air tenpera- 
ture v;as sot at ^ and at 70^ respectively, rather 
than at the usual value of Uo^ It was found, hovjevor, 
that the amount of heat added to the intake air by these 
temperature rises v/as insufficient to cause an approciahlc 
reduction in the time roo^uirod for recovery- of the initial 
rate of air flov/* 

Standard Army alcohol nozzles - cruising povyer » - Sev- 
eral de-icing tests (sories D) wore made v/ith the standard 
and the modified types of Army alcohol nozzles, using 
Solo:: D-I3 in icing conditionn sir;.ilar to those of series 

In each of these tests the alcohol-injection nozzles 
were installed in their usual location in the walls of the 
air-intake duct 2 inches ahove the carhuretoro 

The results of these tests (figso 15 ^-nd 16) showed 
that v/ith hoth types of nozzles the time required for 90 
percent recovery of initial craising air flow was somewhat 
longer than that required v/ith the Kolley ring for equal 
rates of de-icing fluid flov7» The time required for re-* 
Co very of operahle fuel-air ratio varied from ah out 2^ 
times the period for 90-POTcent air-flov; recovery at a 
de-icing fluid injection rate of 60 pounds per hour to ahout 
three times the air-flou-recovery period at a 30-pounds- 
per-hour injection rate. Very little difference could 
he detected hetwcen the rels.tive do-icing effectiveness of 
the two types of Army nozzles using Solo:: I}-I« r:o tendency 
of re-icing was observed in any of the tests of this group# 
^his was attributed to the e-:cellent de-icing fluid spra;y 
patterns produced with the Army nozzles. The spray com- 
pletely covered the carburetor surfaces at all rates of 
fluid flow tested* 

Prom figure 16 it can bo seen that at de-icing fluid 
flovj rates above 3^ pounds per hour no appreciable decrease 



in time of air-ilow-rato recovery v.-as produced. Increased 
fluid-injection rates required higher fluid pressures w^dch 
produced floater atomization and penetration of the sprays* 
Those factors probahly improved fluid distribution, but 
this was more tlian offset by the accelerated fluid evapora- 
tion also resulting from increased a,tomlzation and pcnetra- 
tlon^ ICien a less volatile fluid such as isopro-oyl alcohol 
was used, this of foot was not apj?jrent« 

Plov7 of dc-icing fluid through the standrird Army noz- 

zlos is controlled by fluid pressure. It v.^p-s noted in 
general in the tests of this pro^^rrjn made on the standard 
Army nozzles that at tho de-icing fluid pressures generally 
used in airplane installations, 10 to 20 pounds per square 
inch, that the rates of recovery of air flow attained v;ero 
very little different* Tests with the modified Army noz- 
zles, v/hich are similar to the st?jadard type except for 
slightly larger orifices, v/cre included in this program in 
order to investigate the higher rates of alcohol flow for 
a comparison with the tv;o tj'pcs of Hclley vent rings. It 
should be noted that alcohol pressures above 20 pounds per 
square inch are not us^jially available in aircraft fluid 
de-icing installations. 

In the tests of series E the do-icing effectiveness 
of the standard- and the modified- type Army nozzles with 
isopropyl alcohol jnrcvstoring cruising power was investi- 
gated* The results are shoim in figures 17 to 20. 

It v/as found that the modified Army nozzles with iso- 
propyl alco.'iol were about eqaal in recovery of cruising 
air^flow rate to the Holley alcohol vent ring with Solo:: 
E-I but vrere considerably inferior in fuel-air-ratio re- 
covery. The data indicated tlip.t the standard Arm;i,^ nozzles 
were equally as effective a de-icin- agent as the Holley 
vent ring with Solox lUI in recovery of both cruising air 
flow and operable fuel-air ratio at de-icing fluid injec- 
tion rates of kO pounds per hour or more* At flow rates 
lower than this, or in the range in which the Atlv nozzles 
are^usu.ally operated, they were somewhat superior to other 
fluid systems tested in air- flow recovery, 90 p.rcont of 
cruising air flow rate being restored in 36 seconds at a 
do-icing fluid flow rate of 30 pounds per hour. 



Several tests v;erc made to determine the effective- 
ness of the standard Army alcohol nozzles when installed 
in the elbow of the air scoop, as shown in fi/^ures 1 to 3« 
It VTas found that ice v/as removed from the induction sys- 
tem at a much slower rate thp.n vrhcn the Army nozzles were 
installed at their usual location, as showxi in the con- 
trast in the slopes of the air-flovj curves in figures l6 
and 19. This difference in effectiveness is somev/hat more 
evident in figure PO. 

It was observed that the poor performance 01 the Army 
nozzles vrhen installod in the air-^coop elbow v/as the re- 
sult of nonuniform distribution 01 the de-icing fluid at 
the carburetor* A part of the de-icing fluid was carried 
by its own inertia to the roar side of the air-scoop elbow 
v/hile another portion flowed alon^ the bottom of the air 
scoop* Thus only a suall percentage of the de-icing fluid 
passed through the center of the carburetor, and that por- 
tion flowing alor^ the scoop v;alls was considerably diluted^ 
Daring one test made v/ith the stojidard Army nozzles at the 
alternate location in the air— scoop elbow, the water spray 
was turned off at the start of the dc-icing period* 

Stopping ingestion of viator in the air stream had lit- 
tle immediate effect on the air-flov/ recovery since the 
wo.ter remaining on the walls of the scoop and the duct con- 
tinued to be swept through the co:rburetor, When most of 
this residual waiter had been ingested, the de-icing fluid 
became more effect ive* This was evidenced by the sudden 
rise in air flow in run 37A after a period of S?? minutes# 

Modified Holley ring - cruising power > - Because of 
the poor de-icing fluid spray distributions at lev; fluid- 
flow rates obtained with the standaa^d Holley ring, result- 
ing in ro-icing, the modified Kolley alcohol vent ring was 
procured a,nd tested. These tosts, series F, were made 
under the usual conditions of series B, with Solox IX-I used 
as the de-icing fluid* 

The results, shown in figures 21 and 22, indicated 
very little difference in de-icing effectiveness, as meas- 
ured by rate of recovery of ciniising air flow and operable 
fuel-air ratio, betv/een the two t;;ynpes of Holley vent rings* 
With the modified Holley rir4g, however, a much more uni- 
form spra.y of de-icing fluid v/as obtained, covering the 
various surfaces of the carburetor vath fluid at all rates 
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of flow* As a result of this good spray pattern, ro-icing 
v/as apparently elirainat edo 

Effect of throttle opening on de-icing . - The otjoct 
of the next ^-roup' of tests (series a) v;as to investigate 
the effectiveness of fluid de-icing at various throttle 
openings which produced ice-free air flovj rates from 5OO* 
to 7000 pounds per hour, representing a range from idling 
up to emergency engine power. The standard Holley alcohol 
vent ring mth Solox D^I v/as employed. In each test the 
mixture ratio v/as set at a value \;hich would produce sat- 
isfactory engine operation at the corresponding air-flow 
rate. The de-icing fluid -./as injected into the air stream 
at two rates of flow, 4o and 60 pounds per hour, for each 
of the four thjrottle openings* 

The results of this group of tests, (fig* 23) showed 
that irrith de-icing fluid injected into 'he carTmretor at 
60 Tjounds per hour the time req.uircd to attain 90-percent 
recovery of the initial rate of air flov/ was equal (about 
IS sec) at air- flow rates of 5OO, 2000, and ^00 pounds 
per hour. The recovery time w?.s som.ewhat longer at each 
rate of air flow for the tests in vfhich de-icing fluid was 
injected at kO pounds per hour* In the two full- throttle 
tests, however, the time required to restore 9O percent of 
the initial olr flow rate was considerahly longer - 1*3 
ojid 1#1 minutes for do-icing fluid flow rates of UO and 
60 poiinds per hour, respectively^ ^Ms difference result- 
ed from the fact that more ice must he removed from the 
adapter at full tlirottle to provide the passage area neces- 
sary for the higher flov; rates. In the two tests started 

*In the tests performed at 5OO and 2000 Ib/hr initial air 
flow rates, the carburetor manufacturer's propeller-load 
curve was used for an air- flow calibration* This v/as done 
by setting the throttle angle and carburetor pressure drop 
to give the desired air flow value as determined from the 
curve* As the icing proceeded, the carburetor pressure 
drops were recorded and referred to the curve to find the 
corresponding air flows* Hie fact that the increase in 
throttle drop v/as due to ice formation rather than to 
throttle closing was a source of error; hov/ever, it v/as 
assumed tliat the readings made in this manner were v/ithin 
the accuracy of the test data* 
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at 500-pounds-pcr-.hour rir-flow rate, engino- idling conditions, 
the mixture we.s very rich at the stn.rt of the de-icing "but 
"becarnG less rich as the do-icing proceeded* Tlie mixture ratio 
remained richer tlian the initial value even after it could *bc 
soen that .^ost of the ice liad been rc.^aoved* This condition 
v;as the result of ice for.nine in the venttiris, affecting the 
flov; of fuelo 

Effect of th rottle maniT)ulatio:;» - Several exploratory 
tests were included in the progrc^jn (series H) to investigate 
the effect of various throttle naripulations on the de-icing 
effectiveness of Solox sprayed into the carhuretor throu^'h 
the standard Hollcy vent ring» There tests were made under 
the icing conditions of scrie;: B» The rate of de-icing fluid flow 
was set at 6o pounds per hour for each test. 

The result of one of these tests (run ^0^ fig* 2U) 
shov/od that the tcc.iniqae of repeatedly closing and opening 
the throttle to cruising setting at a rate of ahout 1 cycle 
per second for the first 10 seconds o.fter the start of tlie 
de-icing period produced gO-porcont recovery of the cruising 
air flow rate in a period of 6 secouds, a more rapid re- 
covery rate than achieved in any other fluid de-icing test 
in this prograri* The d-^ta also indicated that the air flow 
ca.n "be restored more quickly "by opening the throttle wide 
at the start of the fluid de-icing period than "by opening 
it in several stcps» The rapid recovery of initial ?dr-flow 
rate achieved "by manip^olation of the throttle appeared to "be 
due to the loosening of the ice "by the pressure surges of the 
aire It was observed th-at ice did not form directly on the 
throttle during any of these tests* Hccovory of operable 
fuel-air ratio did not appear to be improved by throttle majiip- 
ulaticn^ 

The beneficial effect of throttle manipulation can also 
be seen in the rus^-ilts of the tests of series A (figs* S and 
9) in \iiich the throttle was opened vidde at thii. start of the 
de-icing period of each test* lu c^jialyzing these data it was 
found desirable to plot curves in figure 9 to show recovery 
of air flow and fuel-air ratio for cruising and also for full 
power. These data indicated that recovery of both cruising 
air flow and operable fuel-air ratio was .accomplished more 
rapidly by opening the throttle thr^i by leaving it fixed as 
in series 
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It must "be pointed out that the data ottainod thus far 
on t:ie offoct of tlirottlc manipu-lation vrerc insufficient for 
a thorough pna.lysis* A more complete investigation of the 
effect of throttle manipulation on .-^Icohol do~icing effective- 
ness appca.rs dcsira'ble^ 

Comparison of de-icing fluids » - Several tests v/erc 
made to determine the relative effectiveness of various de- 
icing fluids v/hen injected into the cpjrhuretor "by the stand- 
ard Army nozzles (series l). The tests wore made under the 

usual icing conditions of series Ba De-icing fluids tested 
included ethyl alcohol, Shellacol, and S.D*30» 

Because a total of only five tcs-cs were conducted in 
this series, including a single test wi-th Shcllacol and two 
with each of the other fluids, it v/as not possible to make 
definite conclusions from the result TIic dr^ta indicated 
tentcatively that air-flow- recovery rates obtained with 
ethyl alcohol and v;ith S»D,30 were roia^^y in the srjne rpxge 
as those o"btained with Solox D-I and isopropyl alcohol in- 
jected througli the Array nozzlos# Recover;' of cpuraLlo fuel- 
air ratio with these fluids v/as slov^er, however. On the 
"basis of one tost, Shellacol appeared slightly superior in 
de-icing effectiveness to the other fluids. 

Do-icing mth vaporized a lco hol » - Two tests (series J) 
were made to investigate the effectiveness of vaporized iso- 
propyl alcohol as a de-icing rgent« One of these tests v/as 
made under the usual icing conditions of series B, while in 
the second test the water spray v/as turned off at the start 
of the do-icing periods The alcohol v/p.s heated to a tempera- 
ture of about 110 T and then sprayed into the air-intake 
duct at a point a short distance downstream from the hot air 
supply duct* 

The results of these tv/o tests (fig* 26) showed that 
vaporized alcohol is a far less effective de-icing agent 
than liquid alcohol, a time period of 2 minutes being required 
to restore SO percent of the craising air flow rate in both 
cases. A q^uantity of 0#98 pound of vaporized isopropyl alcohol 
was required to produce 90-percent air-flow recovery with in- 
jection of free v/ator continuing thxTough the test and 1.20 
pounds to produce the same recovery when the water was shut 
off. This can he contrasted \dth average values of 0«36 
pound and 0#Ul pound of liq.uid isopropyl alcohol requirod to 
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produce 90-percent air-flow recovery under the sme conditions* 
The rate of flow of vaporized alcohol v/as directly proportional 
to the rate of air flow. Thus, in figure 26 it cpji "be seen 
that the rate of alcohol flov/ in one test ranged from 20 pounds 
per hour at the start of the do-icing period to ko pounds per 
hour at the ondo In the other test the alcohol-flow rate was 
somewhat higher* 

The evapor-^.tion of the do-icing fluid tended to reduce 
the carhuretor— a-ir teiaperat*are, tut because the alcohol v/as 
introduced into the intake duct upstream from the prcssure- 
hulb themonctor vfr-ich thermostatically regulated the flov; of 
heated air into the intnke duct, heat was added to the air to 
maintain the set temperature* •^riis h.eat input assisted some- 
what in the removal of the ice formations, making the perfori>- 
ance of the alcohol vapor a\.pear somewhat "better than otherwise 
v;ould liavc been possible* 

Anti-icing effectiveness o f de>^i cing flu ids * - The tests 
of series K v/cre performed to determine the effectiveness of 
isopropyl alcohol and Solox in preventing the formation 
of ice* The do-icing fluids vjcre injected into the carburetor 
through the standard Kolley vent ring at various rates of flov: 
and v/ere turned on v;ith tho water spray at the beginning of 
each test^ The tests wore made at cruising air-flo'-/ rate of 
^4000 pounds per hour and at the usual kc^^ ? carburetor-air 
tompcrature* 

It was found in the results of these tests (fig. 27) 
tliat, v/ith Solox lUI, a de-icing fluid flow rate of at least 
50 to 60 pounds per hour was required in order to prevent 
the fonnation of ice, Isoprop^/l alcohol proved superior as 
an a2iti-icing agent, aji calcohol-flov/ rate of 30 pouiids per 
hour holding the air flov/ .'^Imost constantly to its initial 
rate* The greater effectiveness of isopropyl was attributed 
to its lo'v'cr Vapor pressure and latent heat of vaporization, 
v/hich were pointed out as the causes for its s'lporierity over 
Solo:: D-I in preventing the occurrence of re-icing at low 
rates of do-icing fluid flow in the de-icing tests* The ice 
formations v/hich occurred during the anti-icing tests were 
similaj: to. the formations referred to as re-icing. Enrich- 
ment of the mixture, characteristic of all runs during which 
ice formed, \r?,s caused by ice forming in the venturi thjroat* 



19 



Heaoval of Uipnct icAr^f., _ Renoval of irnpact-icc fomr^ 
tions fro.n the induction syston by the introduction of do-icin.-- 
nuxds into the carlfuretor through vpjious injection devices 
was investigated in several tests ujider series L, T^-c usual 
procedure of foroing ice was followed, exceot that t'^e carbu- 
retor-air tcnpcraturc was held at 25° F instead of at Uo° P. 
The inxDact ice wiiich resulted formed over the tlirottle asid 
"bridged across the carburetor vontu.ris. 

^^f results of these tests, shoivn in figure 2g, iudicatod 
t-iat, \dth Solox D-I injoctcd into t.hc carburetor at a flow 
rate of SO pounds per hour, the nodificd Eollcy ring, cdng 
to Its better distribution characteristics, v;as considerably 
superior to the standcard Holley ri-g in renoving i.^rpact ice, 
ihc initial aiivflov; rate ?jicl ODorablc fuel-air ratio v-c-re 
not recovcrec! ir.dcr these conditions v/ith the standard Hollcy 
ring, Kiis tos attributed to poor distribution of de-icing 
fluid xrl-.ich appeared ospocially critical under i .-.ipact-icing 
conditions. 

In one tost of this .-rroup, heated air (tcnp, raised 
fron 25 to 85" I) vras r?ubstituted for alcohol as the do- 
icing .agent. The result v/as a slii.^.tly r.oro rapid renoval 
of the iupact-ice formation th^n with do-icing fluid injected 
at a rate of SO pounds per hour thro^ogh t:-.e nodificd Holley 
vent ring, 90 percent of the initirl cruising flow r-tc being 
restored in a period of 1^ seconds. It was found in one test 
nade ivith Amy nozzles using isoprcpyl alcohol injected ,-t 
ilow rate of 40 potmds per hour (20 Ib/sq in. press.) that 
t.ic impact-ice formation was rcr.ioveJ. almost as rapidlv as 
with an SO-pou?id-per-hour flov rate of Solox lUI injectod 
into the carburetor through the modified Holle-y vent ring. 

It is plamcd to conduct additional tests on t'^c re- 
moval of i-pact ice fron induction sjtcms in order to inves- 
tigate do-icing at lower carburc tor-air tenpcraturos and to 
reproduce the formation of snow in the induction systems. 
I» these tests it is expected that a \dder range of variables 
will be investigated tbaix xvas oossiblc in the present brief 
series, 

Ar.ount of fluid required for de-icin g. - In analyzing 
tnc results of the de-ici-.a tests, table II and seveml 
charts (figs. 29 to 32) were prepared to determine the ?_notmt 
of fluid required to restore the initial rate cf air flow 
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under various test conditions* These dat-^. showed th?.t the 
aj.iount of fluid required is a function of the rate of air flow 
that must bo restored. On the basis of two inpact-icing tests 
nade at 25^ carTDoiretor air tonperature (runs 57 and 70) in 
v/hich almost coapletc recovery of air- flow rate and fuel-air 
ratio were attained, it appears that the recovery tine is sonc 
inverse function of the carburetor-air tenperature. It v;as 
found that the anount of do-icing fluid required was substan- 
tic-^lly independent of the rate of injection for .any given 
ncthod at do-icing fluid flow rates of 30 to 80 pounds per 
hour, although re-icing nay occur at the lower flows* 

In order to restore 90 percent of the cruising air- flow 
rate under the usual test conditions v/ith water continuing to 
flow through the induction syster.i during the do-icing process, 
an average of about one- half pound of ?^J.cohol v/as required* 
It appears desirable to condiict adritional tests to deternino 
nore thoroughly the mount of alcohol required to restore 
initial pov;er at vnxious air tcnperatures and air^flow rates* 
The method and rate of do-iciiv; fluid injection appears to bo 
of importance in recovery of fuel-nir ratio* In the majority 
of the tests (scries B to F) recovery of operable fuel-air 
ratio required l-^- to 2| times that required for air-flow re- 
covery. 

Corrosive effect of dc-icing flvlds. - As a result of the 
clogging of the small orifices of the standard Army nozzles 
by deposits observed during some of the do-icing tests, a 
brief laboratory study wn.s made to deternino the possible 
corrosive effect of various do-icing fluids on certain metals* 
In thcso tests strips of polished brass, copper, and lyS-T 
aluminum alloy v/ere suspended in the de-icing fluids which 
were contained in test tubes* The various test specimens ro- 
nainod partially immersed in the fluids for a period of about 
3 weeks. Uone of the fluids e:cccpt S^D*30 \^-s found to hj?.ve 
any corrosive effects on either copper or brass. This fluid> 
which does not contain a. corrosion inliibitor, caused blackening 
of the copper specimen .and iridescence of the brass specimen 
after a period of 2 or 3 days' ir.imcrsion. All of tlic fluids 
except Solox lUl Imd a slight corrosive effect on aluminum 
alloy in the presence of copper^ 
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Heat Lo-Icins Tests 

Two groups of tosts (scries M and II) v/erc nado to inves- 
tigate the use of heated air for the rei.ioval of refrigeration 
ice from the induction system. The icing conditions of these 
tosts were similar to those of most of the alcohol do-icing 
tests, with the throttle hold fixed at the cruising air flow 
rate and the car"buretor-air temperature sot at kc^ F. In the 
first group of tests the water spray was turned off at the 
start of the de-icing period, while in the second group of 
tests the water spray was loft on tliroughout the tests. The 
results of the tests aro s^iown in fi£?.ires 33 and 3U. 

Study of the data indicated that quantitative conclusions 
from the results of those tests v/cre not warranted "because of 
unforeseen difficulties e:q>eriencod in controlling the tempera- 
ture and hmiidity of the carhurotor air« The tost setup also 
failed to sim.ulate adequately an actual aircraft installation. 

In interpreting these data it should be noted that the 
heated air tei.ipera.tures varied considerably from the initial 
values during the period when the major portion of the dc- 
icing was occurring^ These temperature variations were at- 
tributed to the inherent lag of the apprratus and instru.icnts, 
and also to the large proportion of t>-o heat which v/as used 
in evaporating \7r.ter present in the air rather t::.an in raising 
the air tamperature* An indication of the temperature loss 
due to water evaporation may "be seen in figure 35, a record 
taJcen during one of the tests of carburetor air temperature 
and the temperature in a dry portion of the intake duct up- 
stream from the point of water injoction. 

Daring some of the heat de-icing tests made at the higher 
ranges of temperature, 95^ to lUo^ the fuel-air ratio be- 
came slightly enriched. This enrichment resulted from t'.e 
fact t::a.t in being heated the density of the air wis decreased 
a^nd full recover:,^ of mass air flow was prevented because t2ie 
ca.rburotor was only partially compensated for temperature 
changes. 

The tests demonstrated the fact that heated air carry- 
ing sufficient heat as temperature rise, or tem.peraturc rise 
plus additional humidity, cdi\ bo fully as effective in re- 
storing fuel-air ratio and air flow as any of the do-icing 
fluid systems tested. Iflien free wf^.ter was allov/od to flow 
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into the iiidaiction systen during the hcatcd-air do-icing tests, 
the available toiuperatiire rise vr?.s nuch lov;er« It was found, 
hov;over, that effective de-icing v/as ac c cup li shed in spite of 
the free water present and the linited teuporature rise, pro- 
vided enou^jh heat was supplied to raise the carburetor-air 
temperature above the limits of icing (80^ T) for the induction 
system* (See curve of lii-iiting icing conditions, reference !•) 

COKCLUSIOilS 

Because of the differences in icir^ chara«ct eristics of 
various tjTpcs of en^'yine induction systcns, the following con- 
clusions are considered directl;- apijlicablc only to the in- 
duction sj^sten tested and for the teuperatures of these 
testso Much of the data contained in this report^ however, 
a.re e:cpectcd to bo of general Vcaluo# 

l4 A de-icing fluid flow rate of at least 6o pounds 
per hour of either Solox IV-I or isopropyl alcohol injected 
into the carbtiretor by either the sta:".dard or the nodified 
Kolley alcohol vent ring v;as required to attain rn.pid re- 
covery of cruising a.ir flov/ aft^r the air flov/ \sras reduced 
by 50 percent because of the formation of ice in the induc- 
tion systenu The tine to recover operable i^uel-nir ra^tio 
(0»065 -r^'t cruisir^ air flow) wa.s in gcneraJ. 1^- to 2^ Mnos 
that necessary for the rostcra^tion of S^-V^-^^-^ initial air- 
flow rate* Recovery of fuel-air ratio v;as Goinewhat longer 
vrith isopropyl alcohol, 

2. The results indic^atcd that no iiaprovcr.icnt in de- 
icing effectiveness v/a.s ga-ined by stopping the ingestion of 
free water into the induction systen at the start of the do-* 
icing process, but the possibility of ro-icing was apparent- 
ly elinina.tod* 

3» It v/as observed tha.t aji offective dc-icing fluid in- 
jection device should distribute the fluid in the induction 
systen so t:iat all parts of the region v/here ice lias formed, 
including the throttle and other ca^rburetor surfaces, aj:e 
coLipletely V7a.shed by the fluid in order to eliminate the ico 
and to prevent re-icing# 

k. De-icing fluid should be ipjected ?.s closely upstream 
a.s possible to the region to be do-iccd in order to reduce 
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fluid evaporation 3:10. dilution "by v/ater on the walls of the in- 
duction system and in bho air stre?j.i« To conply with this rc- 
quironent, supplenentary syster/is nay "be needed for parts of 
the induction system other than the carburetor^ 

5. It v/as concluded fron a few exploratory tests that 
manipulation of the carburetor throttles during the first fe\7 
seconds of fluid de-icing apparc'itly resulted in more rapid 
elimination of large ice formations from the induction syston 
than v;ould he possible with the throttle held fixed. 

6. The .aj-iount of de^ici::g fluid required to restore 
initial air flow and operable f.iel-air ratio increased with 
increase in the rate of air flov; that must be recovered and 
v/as probably some inverse function of carburetor-air tempera- 
ture« ^'or a given method of fluid injection the .amount of 
de-icin{; fluid required to attain recovery of the air flov; 
was substantially independent of the rate of de-icing fluid 
flow in the flow range of 30 to oO pounds. per hour, 

7* The standard Holley .?lcoho?. voziz ring, because of 
poor de-icinc flviid distribution at injection rates of less 
than 50 pouiids per hour of Solox D^I, permitted considerable 
re-icin:;* Re-icing v/as noticeably reduced by substituting 
isopropyl alcohol for Solox D-I. Tlie use of the modified 
Holley vent ring or the standard An.^y rozzlc3, injection de- 
vices which have better distribution ch-r.racteristics, appar- 
ently eliminated re--icing» 

8« In order to prevent the for:nation of serious refrir-:- 
eration ico with free wa,ter flov/ing through the carburetor at 
a rate of 250 grams per miiiute, it was necessary to inject 
Solox lui at a rate of 50 pounds per hour or isopropyl alcohol 
at a rate of 30 pounds per hour into the induction system* 
These data indicated the superiority of isopropyl plco.hol 
over Solox D-I a?, an a-nti-icing agent* The elimination of 
re-icing by the use of the modified Holley ring and the stand-^ 
card Army nozzles indicated that these devices would have 
better anti-icing qurlity tha:^ the standard Holley ring* 

9. When used vdth isopropyl pJLcohol, the staiidard Army 
nozzles were superior in de-icing effectiveness to other 
fluid combin?.tions at do-icing fluid flow rates of 30 to Uo 
pounds per hour, initial air flow boin^ restored more rapidly 
and operable fuel-air vp^tlo being restored in periods no lon;:or 
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tlmn those attained with the other fluid- systems* At higher 
flixid flow rates the standard Army nozzles with isoprcpyl 
alcohol were equal in de-icing effectiveness to other fluid 
systems. 

10. It was found that a de-icir^ fluid, to he most effective, 
should have a low vapor pressur-e, a low latent heat of vaporiza- 
tion, and a large freezing point depression. Isopropyl alcohol 
proved superior to Solox D-I in reducing the occurrence of re^-icing 
and was a "better anti-icing agent "because of its superiority in 
the first two qualities, 

11. It was tentatively detorm5jied that S.D.30 and ethyl 
alcohol were rc^^hly equivalent to Solox D-I and isopropyl 
alcohol in air flow recovery but were inferior in res 'coring 
operable fuel-air ratio. On the basis of a single test, Shellacol 
appeared slightly superior to the other fluids. 

12. All of thrj de-ioing fluids tested except Solox D-I 
showed a slight corrosive effect on alt:22iinimi alloy. The S.D.50 
fluid, which does not cci?tain a corrosion inhibitor, also had a 
slight corrosive effect on brass and copper. 

13. Because of unforeseen difficulties experienced with the 
equipment, it was not possible to draw quantitative conclusions 
from the heat de-icing tests. The data indicated, however, that 
heated air properly applied was fully as effective in restoring 
air flow and operable fuel-air ratio as any of the fluid de- 
icing systems tested. 

14. It was found that heated air in the presence of free 
T-7ater provided effective restoration of air flow and operable 
fuel-air ratio if enough heat was Imparted to the satvirated air 
to raise the temperature above the temperature limit of icing 
for the induction system (80^ F). 

National Bureau of Standards, 
Washington, D. C. 



EJCFERMCE 

1. KLmball, Leo B. : Icing Tests of Aircraft -Engine Induction 
Systems. NACA /iRR, Jan. 1943. 



TABLE AMOUNT OF ALCOHOL REquiRED TO RESTORE 90 PERCENT OP INITIAL AIR PLOW 

UNDER VARIOUS TEST CONDITIONS 



Alcohol Air De-icing Recovered ¥ater Av. amount of 

Series injection temp. fluid air flow injection alcohol used 

devicei (0° P) (it/hr) rate (lb) 

(cc/ min) 



A 


H.R. 


40 


Solox D-I 


6300 


250 


1 . 3 


B 


II P 


40 


Solox D— I 


3600 


250 


.50 


n .K . 


A A 

4 U 


I s opr opyl 


3600 


250 


.55 


C 


H.R. 


40 


Solox D-I 


3600 


0 


. 44 


D 


M A NT 


^ u 


o 01 OX D— 1 


3600 


250 


1.2 




A.N. 


40 


Solox D-I 


3600 


250 


. 53 


e 




A Pi 


I s opr opy 1 


3 6 00 


250 


4.8 


M.A.N. 


40 




O D W 




. 59 




A.N. 


40 


Isopr opyl 


3600 


250 


.33 


F 


M • H . R , 


40 


Solox D-I 


3600 


250 


.52 




H.R. 


40 


SqIox D-I 


450 


250 


.40 


G 


H.R. 


40 


Solox D-I 


1800 


250 


.25 




H.R. 


40 


Sclox D-I 


3600 


250 


.41 




H.R. 


40 


Solox D-I 


6300 


250 


. 99 


I 


A.N. 


40 


Sthyl 


3600 


25 0 


.60 




A.N. 


40 


S^D.30 


3600 


25 0 


.49 


L 


A.N. 


35 


Isopr opyl 


3600 


250 


1.26 




M . H .R . 


25 


Solox D-I 


3600 


250 


1.33 



iH.R,, standard Holley vent ring; M.A.N. , modified Army nozzles; A.N., 
standard Army nozzles; A.N.E,, Army nozzles at scoop eltow; M.H.R., modified 
Holley vent ring^ 



TABLE I.- DE-ICING OF AN AIRCRAFT ENGINE INDUCTION SYSTEM BY MEANS OF DE-ICING FLUID AND BY HEATED AlR 
HOLLEY CARBURETOR 1375-F WRIGHT 1820-G-200 INTERMEDIATE REAR SECTION 




Slow fluctuating recovery ; lean mixture. 
Slow recovery never reaching full 
emergency power. 
Slow mixture recovery. 
Ice formation came out in one chunk. 
Moderate recovery. 
Very rapid recovery. 
Rapid recovery- 
Rapid recovery. 

Rapid recovery. ^ ^ 

Continued icing until flow dropped to 
zero. 

Large chunk of ice remaining on nozzle 
dglayed recovery- 



very alow recovery of air flow and 
mixture . 

Re-icing down to 2600 Ib/hr flow. 

Ice in venturi . 
Re-icing to 3000 l\>/txr. Venturi ice. 
Re-icing to 3290 Ib/hr. Air flow. 
Slight re-icing. 

No visible ice remained in induction 
system. 

NO visible Ice remaining in induction 
system. 

Slow recovery, re-icing to 
3300 Ib/hr air flow. 
Slow recovery, slight re-icing. 
Slight re-icing. 

Rapid recovery, slight re-icing. 
Rapid recovery, ice remaining on 
nozzle bar . 



Flow dropped off to zero. 
Large chunk remaining in adapter. 
Moderate but complete recovery. 
Large diminishir^g chunk left in 
adapter . 

Adapter cleared completely of ice. 

Adapter cleared of Ice. 

Adapter cleared of ice. 

complete recovery. 

Complete recovery. 



Slow recovery. 
Moderate recovery. 
Moderate recovery. 

Moderate recovery, ice completely gone. 
Ice completely removed. 



Slow incomplete 
Moderate recove 
Moderate recove 
Slow incomplete 
Slow recovery. 
Slow recovery. 
Rapid recovery 
Rapid recovery. 
Rapid recovery. 
Slow recovery. 
Rapid recover. 
Rapid recovery. 
Rap id recovery. 



recovery, 
ry, ice left in adapter . 
ry, ice left in adapter. 

recovery . 
Ice left in adapter. 
Ice gone after 15 min. 
Ice left in adapter. 
Ice in adapter. 
Ice left in adapter. 

Ice in adapter. 
Ice left in adapter. 
Ice left in adapter. 



Moderate recovery. No re-icing. 

Very rapid recovery. 

Rapid recovery. Ho re-icing. 



standard Array Air Forces nozzles; M.A.N. , modified Army Air Forces nozzlesj A.N.E. standard Army Air Forces nozeles at scoop elbow; 



modified Holley ring; W.S.N. , medium water spray nozzle 



^3, 



3§ 

O 4-> 



45 

45- A 
46 

46- A 
47 

47- A 
48 

48- A 



loing 



510 
510 
2000 
2000 
4000 
4000 
7170 
7170 



.104 
.108 
.069 
.070 
.069 
.071 
.103 
.102 



/■<? 23) 



TABLE I.- (concluded) 



.i.25| ; 
8.5 ; 



^1 



200 
200 
1000 
1000 
2000 
2000 
3500 
3500 



240 
330 

,088 
,082 
.037 

L 

L 

,080 



250 
250 
250 
250 
250 
250 
250 
250 



De-icing 



7l 

«> <M 



Solox 
Solox 
Solox 
Solox 
Solox 
Solox 
Solox D-I 
Solox D-I 



D-I 
D-I 
D-I 
D-I 
D-I 
D-I 



a 9- 



H.R. 
H.R. 
H.R. 
H.R. 
H.R. 
H.R. 
H.R. 
H.R. 



^'7 
CD a 

a 



is 



bo C 
C U 

^ t4 



R 
R 

R 
R 

1.75 
. 5 
.95 
.45 



2S 

3 > 
i-t O 
Vi o 
o 

O Ki 

5.2 



.20 
.60 
.20 
.30 
.53 
.3 
.88 
1.1 



.127 
.122 
.071 
.068 
.067 
.057 
.097 
.093 



510 
450 
1930 
2000 
3870 
3950 
6770 
7060 



.116 
.122 
.073 
.069 
.069 
.069 
.098 
.092 



o 0) a 
e o 



> 
> 



Mixture went rich. Rapid recovery. 
Mixture went rich. Rapid recovery. 
Throttling ice, rich mixture, re-icing. 
Throttling ice , rich mixture, re-icing. 
Re-icing to 3650 Ib/hr air flow. 
Rapid recovery, alight re-icing. 
Ice remaining in adapter. 
Slight ice formation in adapter. 



49 

50 



4000 
4000 



4000 



.069 
.070 

.069 

.077 



250 24. 
250 24 . 

250 



53 
54 
55 
56 
57 



4000 
4000 
^000 
3950 
4000 



g<^re. Z5) 



.070 
.070 
.070 
.071 
.070 



.038 
L 



250 
250 
250 
250 
250 



36.5 

29.0 

19.6 

29.75 

17.0 



Series J 

58 40 



C5ee 
4000 



070 



-e 2 6; 
250 13.25 

250 



250 
250 



250 
250 



Solox D-I 
Solox D-I 



Solox D-I 
Solox D-I 



H.R. 

H.R. 



H.R. 
H.R. 



1.0 
.1 



.3 
2.2 



9 

1.5 



1.0 
.1 



.3 
2.2 



.037 
.063 



7140 

4000 



4420 
7060 



.073 
,069 



.069 
.079 



8 

1.1 



1.0 
5 



Rapid recpvery of air flow and T/k. 

Fluctuation of air flow after 90^ 
recovery. Slight re-icing. 

Throttle reopened to more open posi- 
tion. Slight re-icing. 

Gradxial recovery. 



2000 
2000 
2000 
2000 
2100 



.038 
.038 
L 

.039 
.037 



250 
250 
250 
250 
250 



Ethyl 
Ethyl 
S . D . 30 
S . D . 30 
Shellacol 



A.N. 
A.N. 
AN 
A.N. 
A.N. 



250 
0 



iBopropyl 
Isopropyl 



W.S.N. 
W.S.N, 



1.0 
1.1 
.6 
.4 



3.5 

e.o 

4.0 
2.2 
1.0 



.053 
.054 
.057 
.056 
.055 



3970 
3950 
3980 
3940 
3980 



.066 
.065 
.070 
.071 
,069 



12 

7 
16 
12 

1.6 



Moderate recovery. Ice left in adapter. 
Moderate recovery. Ice left in adapter. 
Moderate recovery. Ice in adapter. 
Complete recovery. 
Rapid recovery. 



2.0 
2.2 



4.0 
3.0 



.98 
1.20 



.047 
.054 



3950 
4000 



.065 
.066 



3.5 
5.0 



Slow recovery of air flow and mixture 

ice in adapter. 
Slow recovery . 



Series K 

60 

61 

62 
63 
64 
65 
66 

61- A 

62- A 



27) 



4000 

3950 
4050 
4000 
4000 
4000 
4000 
4000 



,071 

,068 
,070 
,068 
,070 
.071 
,073 
.073 



250 

250 
250 
250 
250 
250 
250 
250 



Solox D-I 

Solox D-I 

Solox D-I 
Solox D-I 
Solox D-I 
Solox D-I 
Solox D-I 
Isopropyl 
Isopropyl 



H.R. 

H.R, 

H.R, 
H.R, 
H.R, 
H.R, 
H.R 
H.R 
H.R 



Minimum air flow 
Throttle frozen 
Minimum air flov 

stuck. 
Minimum air flow 
Minimum air flow 
Minimum air flow 
No icing, 
riuctuatioos , uo 
Minimum air flow 
Minimum air flow 



2150 Ib/hr at 30 min. 
stuck. 

2000 Ib/hr. Throttle 

3000 Ib/hr at 18 min. 
3200 Ib/hr at 26 min. 
3870 Ib/hr at 16 min. 

apparent icing. 

3400 Ib/hr at 30 min. 

3850 lo/hr at 20 min. 



67 
68 
69 
70 
71 



72 
73 
74 
75 
76 
77 
78 
79 
80 



40 
40 
40 
40 
40 
40 
40 
40 
40 
Series N 
81 40 



82 
33 
84 
85 



4200 
4220 
4200 
4200 
4000 



.067 

.067 
.070 
.067 



250 
250 
250 
250 
250 



2060 
2100 
2060 
2070 
2100 



.136 
R 

.159 
R 

.193 



250 
250 
250 
260 
250 



Isopropyl 
Solox D->I 
Solox D-I 
Solox D-I 



A.N. 
H.R. 
H.R. 
M.H.R. 



(See 
4000 
4000 
4000 
4000 
4000 
4050 
4000 
4000 
4000 



f/gui-c 33) 



1.0 
.8 



.075 
.077 



3880 
2850 
2740 
4100 
3900 



.070 
.102 
.104 
.074 
.073 



9 
9 

.8 

5 

1.1 



Mixture went rich on icing. 
Very Incomplete recovery. 
Very incomplete recovery. 
Moderate recovery. 
Rapid and complete recovery. 



.070 
.070 
.070 
.070 
.070 
.069 
.069 
.071 
.070 



250 
250 
250 
250 
250 
250 
250 
250 
250 



4000 

4000 
4000 
4000 
4000 
4000 



.070 



2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 



.042 
.043 
.042 
.039 
.041 

L 

L 

L 

L 



3.5 
1.3 
3.0 
.4 
.9 
.3 
.4 
.4 



5.0 
2.7 
4.0 
.7 
.9 
.5 
.5 
.7 



.064 

.055 
.061 
.057 
.065 
.058 
.058 
.049 



3810 
3800 
3800 
3860 
3850 
3810 
3800 
3820 



.065 
.065 
.065 
.069 
.065 
.066 
.072 



34) 

250 17 



Air flow fell off to tero. 

Slow recovery, ice remaining in adapter. 

Slight re-icing. Ice in adapter. 

Ice remaining in adapter. 

Lump of ice left in adapter. 

Moderate recovery. 

Rapid recovery. 

Rapid recovery. 

RapiS recovery. 



.069 
.070 
.070 
.069 
.070 



250 
250 
250 
250 
250 



19 
15 
19.75 
12 
19.25 



2000 

2000 
2000 
2000 
2000 
2000 



.040 
.040 
.037 
L 

.056 



250 

250 
250 
250 
250 
250 



1.6 

11.0 
10 

10 
6 
6 



.6 
1.8 
.7 
.7 
.3 



1.45 
2.7 

1.8 
.94 

.5 



.060 
.059 
.059 
.056 
.060 



3920 
3900 
3900 
3880 
3780 



.066 
.070 
.068 
.068 
.075 



1.5 
4.0 
4 

1.1 

i.a 



Continued icing until air flow dropped 
to tero. 

Re-icing to 3180 Ib/hr air flow. 
Slow but complete recovery. 
Complete recovery. 
Complete recovery. 
Rapid complete recovery. 



"1 - 
3 - 

3 - 

4 - 

5 - 

6 - 



Throttle left at original setting throughout de-icing. 
Throttle opened wide at start of de-icing. 

De-icing fluid turned on» throttle left at original setting until air flow had recovered to 3500 Ib/hr; when air flow had recovered to 3500 Ib/hr the 

throttle was opened wide. 
De-icing fluid turned on; throttle closed and reopened to cruising several times in first 10 sec. 
De-icing fluid turned on; tnrottle comple>tely closed for first 10 sec. and then reopened to cruising position. 



De-icing fluid turned on; throttle opened in successive steps at 5 sec. intervals from 22° to 37° 



to 50°, and 50® to wide open. R - Mixture went rich. 
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14 Holley Carburetor 

15 Adapter 

16 Irtfermediate Rear Engine Section 

17 Water Rotameter 

13 De- icing Fluid Heater 

19 Thermostaticaily Cantnofled Hot- Air Valve 

20 Slide Valve 
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Figure / Schematic Diagram of Induction System De-lc/nq 

Test Apparatus 



NACA 



Fig. 2 




Figure 2.- Carburetor and air scoop showing observation win- 
dow and Army nozzle locations. 
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^50 TO 90 //o /30 Am /ro 

Carburetor /A/r Temperature, De^ree^/T 
F}gure ^ Effect of Carburetor /^/r Temperctfure o/i Fl/e^A/r f9atH> 

Mo//ey Carhur^tor 13/S-Fy Fu^/ Temperafore 46^ F 



NAOA 





Figure 5.- Typical refrigeration ice formation in carburetor 
ad apt er . 




Figure 6.- Impact ice formation on fuel nozzle bar and in Venturis resulting from 
low temper atxire operation. 
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Fig. 7 
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Test conditions 

Carburetor air temperature, 40°F 

Water flow continued throughout test 
De-icing fluid injected through 
Holley vent ring 



Figure 8a.' De-icing by means of fluid at wide-open throttle - Series A. 




To 

Time, minutes 



~t6 IB 70 



NACA 



Fig. 8b 



7500 




6 8 10 

Time, minutes 



NACA 



Fig. 9 
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— . Legend: _ 

-^6300 Ib/hr Air Flow 
H-»080 Fuel Air Ratio _ 
-X3600 Ib/hr Air Flow 
-□.065 Fuel Air Ratio 




Rate of De-Iolng Fluid Injection, Ib/hr 

Figure 9.- Effect of De-loing Fluid Flow Rate on Recovery of Air Flow 
and Fuel Air Ratio; Standard Holley Ring; Solox D-I. 
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Fig. 10 
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Pigiire 10.- De-icin^T hy treans of fluid at cruising throttle - Series 3 
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Test conditions 
Carburetor air temperature, 40°F- 
Water flow continued throughout tests 
De-icing fluid injected thro^j^h 
- Holley vent ring 



Figure 11.- De-icing by means of fluid at cruising throttle - Series B 
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Figure 12.- Effect of Dc-Icing Fluid Flow Rate on Recovery of Air Flow 
And Fuel Air Ratio; Standard Holley Ring, 
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Fig.. 13a 
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Figure 13^.- De-icing by means of fluid at cruisinr throttle - Series C 
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Carburetor air temperature, 40°F 
Water flow discontinued at start of- 
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De-icing fluid injected through 
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Figure Ub^' De-icing by means of fluid at cruising throttle - Series C 
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Fig. 14 
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Figure lA- Effect of De-Icing Fluid Flow Rate on Recovery of Air Flow 
and Fuel Air Ratio; Std. Holley Ring; Solox D-I; Water off During 

De-Icing. 
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Fig. 15 
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Figure 15.- De-icinr by means of fluid at cruising throttle - Series D. 
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Flgurel6.- Effect of De-Iclng Fluid Flow Rate on Recovery of Air Flow 
and Fuel Air Ratio; Solox D-I; Standard & Modf • Army Nozzles 
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Fig. 17 
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Test conditions 
Carburetor air temneratu're , 40°F_ 
Water flow continued throughout tests 
De-icing fluid injected through modi- 
fied Army nozzles 



Figure 1?.- De-icing by means of fluid at cruising throttle - Series E. 
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Figure 18»- De-icing by means of fluid at cruising throttle - Series E. 
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Figure 19.- De-icing by means of fluid at cruising throttle - Series E. 
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Figure 20t-Effect of De-Icing Fluid Flow Rate on Recovery of Air Flow 
and Fuel Air Ratio; Isopropyl Alcohol. 
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Figure 21.- De-icing bv means of fluid at crui»sing throttle - Series F. 
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Figure 22.- Effect of De-icing Fluid Flow Rate on Recovery of Air Flow 
and Fuel Air Ratio; Modified Holley Ring; Solox D-I. 
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Test conditions 
Carburetor air temperature, 40°F I 
Water flow continued throughout tests. 
De-icing fluid injected through 
Holley vent ring 



Figure 23a,- De-icing by means of fluid at various throttle 
settings - Series G. 
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Figure 23b.- De-icing by means of fluid at various throttle 
settings - Series G. 
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Figure 24,- De-icing oy mean? of fluid with 
various throttle manipulations 
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Figure 25.- De-icing by means of fluid at cruising throttle - Serias I. 
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Figure 26.- De-icing by means of alcohol vapor at cruising throttle - Series ![ 
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Figure 27a.- Ice prevention effect of de-icing fluid at various injection rates- Series K. 
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Figure 27b.- Ice prevention effect of de-icing fluid at various injection rates - Series K. 
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Figure 28.- De-icing by means of fluid at cruising throttle - Series L 
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Figure 33a,- De-icing by means of heated air - Series Mo. 
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Fi-;^;ure 33b.- De-icinf by means of heated air - Series M. 
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Water flow continued throughout tests 
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Figure 34.- De-icing by means of heated air - Series N 
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Figure 35.- History of carburetor air temperature and 

the air temperature in a dry portion of 
the intake duct during a heated air de-icing test. 
Run No. 77. 



